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Satellite based time transfer techniques 
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to 23 ns (6 meters) to account for any eccentricity 
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Receiver position is unknown 
Satellite-to-receiver range measurements are 
used to estimate position 
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troposphere signal delays, field of view 
obstructions, multipath signals, and 
jamming/interference. 
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Geometric Dilution of Precision (GDOP) is a measure 
of the quality of the receiver-to-GPS satellite ranqe 
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Good GDOP Poor GDOP 






j 


Relative GPS 

□ No fixed base station 
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This is the transmitted signal 
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Doppler shift necessary to produce a large 
correlation with the incoming signal 
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Four pseudorange measure 
to solve for receiver position 


The Doppler-shifted GPS carrier signal is mixed with the 
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□ Civil uses account for vast majority 




1989 

Full Operational Capability declared in 1994 
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USER SEGMENT 
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In recent years there have been two to three 
replenishment launches per year 
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Sends raw □ Generates new orbit and clock Sends new 

observations to MCS predictions upload to SV 

i Builds new upload and sends to 




Existing GPS Monitor Stations 

□ Hawaii, Ascension Island, Diego Garcia, Kwajalein, and Colorado 
Springs 
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NASA provides real-time corrections to the broadcast GPS 
satellite ephemeris and clock data 

Reduces ephemeris and clock errors from a few meters to a 
few cm 
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Day of Month (June 2000) 

Figure A-5-10. Typical Example of GPS SPS SIS Time Transfer Performance - June 2000 









Accuracy Improvement Initiative (L 



□ Reduce range error and improve accuracy 

□ Initially six NGA sites will be added 

u By 2006, 5 more NGA sites will be added to L-AII 

Presented by Col Mark Crews at the 44* Meeting of the CGSIC, Long Beach, CA, September 2004. 



Presented by Col Mark Crews at the 44 th Meeting of the CGSIC, Long Beach, CA, September 2004. 
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Higher power signal, intended for precision navigation 

First signal in space expected -2006-07 (Block IIF) 
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Presented by Col Mark Crews at the 44 th Meeting of the CGSIC, Long Beach, CA, September 2004 
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□ Resource Person (703) 313-5900 

□ Web Page http://www .nav c en . uscq.gov/G PS/defau It. htm 

□ Civil GPS Service Interface Committee (CGSIC) 
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Satellite Navigation Systems 
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modulated by special code, includes anti-spoofing capability 
military use 
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□ uses leap seconds 

Ephemeris data in the Earth Parameter System 1990 (PZ- 
90), unlike GPS WGS-84 




continuous, worldwide basis, free of direct user fees. 
Full text at: 

http://www.state.gOv/r/pa/prs/ps/2004/39748.htm 







From "Developments of the GLONASS system and GLONASS Service," presented in Washington, DC, December, 2004. 
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Development cost approximately €3.2 billion 
First signal in space 2005, operational in 2008 


GO 






c r\ 

^3 



in 

0 

o 

> 

L_ 

0 

C/D 

0 


in 


C ZD 
CL 
■C C/D 


CD CO 
.2 CL 

£ CD 

S CD 


0 

in 

=3 

0 0 

.9 T3 5 
> 0 .2 
0 
in 


in 

o> 

c 


0 

CO 


o 


.0 


4-J 

S.S 

V_/ 

i_ 

3 

4 — 

Gl 

0 

C 

O 'S 

CD C 

O 

4 — 

O 

0 © 
■ 1 

CD 

L— > 
0 

.2 

0 l 
> -- 

L. 

£ 
4 — > 


.Li CL 

it 

So 

C +Z 
0 

CD .E 5 

c > 

c g 
o c 

S ^ 
0 

o i= 

Q_ 0 


CD 
5- C 

1 — 0 
12 'I 


w c -o 
0 <u c 
•2 % 

5 '-5 g> 

"8 c§ ' CT 
5 J= 

0 O 
0 3 

in 
0 

■g 
> 
o 


c 

0 


0 


„ CO 
CD CL 
=3 CD 


0 

0 

0 


0 

> 


O 

O 

0 

> 


Jl! > 


^ O 

i 4— 

O 0 " 
$£ CD 


c 

o 

+j 

'0 

o 

CL 


0 
0 -c 
CO 0 

4 — 

c o 

o 0 

Q- 0 

O £= 


0 

^ 0 ^ 
1 s- 0 

Sl§ 

*3 £ J> 

CO g 0 

o 2 
0 c 

CD O 
C -4= 


0 

o 


■0 
0 
■0 
c 
0 

E 

E 
o 
o 

0 $ 

0 05 
±t C 
«> 0 

r- 0 

05 


O 

0 

O 


0 
0 

Q. S 

9- 

< co 
0 O 
■g < 

£ o 


0 


0 

0 
0 ■+-> 

0 .£ 

F" 0 
0 
C 


0 
■ ■■ 

O 


0 

£ 

£ 

o 

o 


td 2, 

> f 

0 0 


0 

0 

0 

c 

0 

i_ 

0 

0 

CD 

0 

g 

> 

0 

0 


o 

O 


0 

o 


0 

co 

0 


0 

0 

0 

0 


1 

> 

CL 

< 


0 

o 


0 

0 
*4— » 

O 

> 

0 

0 

0 

C 

>, .2 
4J 4— 1 

0 0 
CD .0 

S o- 

C CL 
~ 0 
0 

CD o 

0 H- 
JD I 

o 
c 


0 

0 

-I—* 

0 

CO 

0 L_ 

C 0 
0 0 

0 E 
c 0 
-2 ^ 

0 S- 
O 0 

I- 

0 CO 
o 

■j= CD 


O 


0 


0 

o 


c 0 
CO 


s- 0 
O =3 

0 -§ 
0 5 

D) R 

2 C 
. 0 

^ 0 

0 0 

3 g- 
o E 
0 
0 


>. c 

^ 0 
0 0 
M- ■ — 

0 =5 


0 

CL 

QC 

< 

CO 

0 

0 

g 

L— 1 
O 
0 


g 

T3 0 g 5 

15-55 
3 .5 0 
o>z 4 — 

0 > ° 

0 ^ 0 0 
.00 — 

.9 0-5 P 
O > 4= 
J= *= C 

=3 o o 


-Q 

3 


Q_ c , CO CD Q. Q- UJ 0 o 


Support to Search and Rescue 

Search and Rescue Service coordinated with COSPAS SARSAT 
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Each Spacecraft will have 4 onboard clocks 

□ 2 Rubidium Vapour 

□ 2 Passive Hydrogen Maser 
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GPS Bands (Current & modernized) 
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gradually decreasing public funding until 2015 
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□ Location Based Services 

Frequency, Geodetic Reference Frame and 
Timescales 
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users alike. 

Full text: 

http://www.whitehouse.gov/news/releases/2004/06/20040626-8.html 




c C/) 
■” CD 

-t— « 

'CO 

t -Q 
=5 CD 

LL ^ 



o h 

CL JZ 

c c 
cu .2 

i — -4 — • 

03 

>J .2> 

CD > 
^ 03 


=3 

0 03 
■ CO 

§1 

1 I 


Q. Q- 


SC SC 







CD 


i 

0 


0 

-+— > 

0 

CO 

P 
< 
c o 

h- 


0 

13 

O 


0 

Q. 

CO 

i_ 

0 

if) 

0 

CD 

CO 


0 CD 

4—4 

= .2 

0 
-t— > 

0 

CO 


CO 

< 

CO 


o 
0 

si 

0(0 
.2 S 

O ’ 4 = 

c 0 

<4— i— 
.± 0 

•i 05 

^ 3 

0 <C 

t "O 
0 0 
Q. 0 
0 0 
3 -Q 


if) 

■ 4— ; 

4— 

0 
C 
0 
JD 

4-» 

c 

0 

O 

|g 


0 0 

0 > 


CO 

CO 

N 

O 

E 

0 

4—* 

0 

CO 


CO 

CL 

0 


. £ 
E 0 
2 5 

if) 0 

0) O 

c 

‘c 
o 


”2.^0 

0 > 0 

Q-'! § 

O 0 _ 

0 0 ‘> 

0 O ° 
-O OCO 
O ° CL 

c ° = 
0^0 
' - o 0 


CD 

C 

0 

C 

o 3 
+-* o 

0 b 

O 3 


“O CD 


0-° 

^0 

0 c 

E 0 

2 Q- 

m 0 

00 

1 

c 


0 0 0-0 — 
0 0 jD <D V) 


0 0 0 

>-£=£ 

■0 

Cl 0 0 

(D 0 0 
“ if) 

C 


jc -2 




o 0 

0.0 

E c 
— o 

^V-t — > 

4-4 0 

C O) 

0> 
O ^ 


^ CD 


six — - i 

ID 0 — 


O > 

o o 

ii 

4—> M — 

O 0 

xf 

LLI.S 


n 


0 

4— > 
0 
CO 

JZ 


0 

o 

CL 

0 


0 

4 — ’ 
0 
if) 


0 

C 

0 


0 

N 

i 

‘if) 

0 

3 

o 


c 6 o )2 

r- if) 

S -o 0 

1_ 4— « 

Cl Q 03 

O 0 

03 

4— ' 

c 

0 

E 
0 


n m m 

w i, ' ^ 


0)"O 

0 0 
0 - 
-0 0 ) 

>.E 

2 E 

0.4= 


0 

C 

.2 Q_ 
0 Q. 
0 0 


_co 

CCO'c O rn 
0 Nn 

EO “ 

r U 0 

E >?sz 

0 O 
> Q_-0 

o 0 .*^ 


q: CO CD-0 ^ 


.2‘L 

c.2 

o o 

Cl o 


"O 

c 

0 

0 

O 


if) -b 


0 

0 

0 


0 

I Be 

4 — 4—< "b 

O 0 . 

co <5 P 

0 Q-b 

4 — * irh- 

CD 5 CO 

COO§ 

0 E 8 

•h®2 

c-ssSS 

3 £co 

0 W -55 

£ enS 

^ C Q. 

o'c'ro 

4— > O Q_ 

00 ^ 

E o o 

0) Q- 05 

ro ro 0 

C/3-£ CD 

-5 to 
.ECD S 

° c I 


□ 


□ 


0 

— 4— ' 0 ■ 

0 X Q_c 
0 0 b 

1 — — 3 -C 


s 


6 


fri 




CD 


CD 

0 

0 

0 


03 

C 

03 

‘c n 

0 

E 

o 

0 

■o 

c 


0 g 


0 

C 

0 

L_ 

H 

0 

E 


>% 

Q. 

E 

0 


I- 2 

>" 5 

§ S 

i 0 


0 

s _ 
0 

0 

o 

0 

0 = 


0 

4— 

0 

C 

0 


0 


0 

c 

o 

0 

"O 


i - 

.3 o 


“0 
0 

E 

c 
o 

0 
0 

E 
~ 0 

< g 


; 0 


0 


0 

0 

L_ 
0 
o 
o 
0 
> 4 — ' 
0 
o 

E 

0 


0 

6 


h- 

□ 


O) ■— 

O «> 

2 Q_ 

£ CD 


0 


0 

>> 

0 


O 

0 

O 

■O 

0 

c 

g. 

'o 

0 

o 

CO 

CL 

0 

o 

0 
s 

0 

> 

0 

O 

0 

s _ 

CO 

GL 

CD 

0 

c 

■2 a) 
7 JQ 

“O _0 

0 5 
-+- 1 > 

CO 0 


0 

C 


0 -L 

.Si 

0 

0 o 

-C _Q 

■*“’ 0 
■| o 

S -o 

° 0 
c . 

0 0 
O 0 

IS 

to E 


w 

L _ 

0 

> 

‘0 


5 

<u 

TO ® 
03 

C 0 


O ■— 1 L _ 
0) 0 0 
c > 

■O Q CD 
0 § i- 
C ° 0 
03 T_ O 
0 c -C 

0 0^- 
"o £ c\i 

= 5 - 0 

0 0 j: 

Z. CD ~ 
< -Q $ 


: j 


In many applications a relatively inexpensive GPS timing 
receiver can be used in place of an atomic frequency 
standard 

NIST Frequency Measurement Service 
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to 10 ns range. 

NIST Global Time Service 
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picoseconds in some systems 

Performs significantly better than Common View, but Geo 
satellite time is expensive 
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problems with undetected/unreported carrier cycle slips 
inadequacies of current error models 
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